The aim of this study was to evaluate the efficiency of the use of wire nets of various mesh sizes to enhance biosecurity in the poultry industry in Brazil by preventing other bird species from entering chicken houses. The Brazilian poultry industry is technologically advanced and employs updated technology. The current Brazilian guidelines recommend the use of 25.40 mm mesh. However, scientific evidence of the efficiency of the nets recommended by these guidelines is lacking. In this study, a bird biometric methodology was developed to evaluate bird species. The methodology was based on the body dimensions of the animal, and it employed a new statistical design to analyse the data. Three groups of bird species were designated according to their importance. The value of this criterion (the importance of the species) was estimated by assessing the ability of birds to pass through the net. The paradigm was used to study 23 Rev. sci. tech. Off. int. Epiz., 2013, 32 (3) 12112013-00014-EN 2/22 wild avian species that are naturally present in Brazil. The best results
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Summary
The aim of this study was to evaluate the efficiency of the use of wire nets of various mesh sizes to enhance biosecurity in the poultry industry in Brazil by preventing other bird species from entering chicken houses. The Brazilian poultry industry is technologically advanced and employs updated technology. The current Brazilian guidelines recommend the use of 25.40 mm mesh. However, scientific evidence of the efficiency of the nets recommended by these guidelines is lacking. In this study, a bird biometric methodology was developed to evaluate bird species. The methodology was based on the body dimensions of the animal, and it employed a new statistical design to analyse the data. Three groups of bird species were designated according to their importance. The value of this criterion (the importance of the species) was estimated by assessing the ability of birds to pass through the net. The paradigm was used to study 23
Introduction
Chicken meat, a major source of animal protein, is steadily increasing in importance and demand. Brazil is the third largest broiler producer worldwide and exports chicken meat to 141 countries (1, 2, 3). The
Food and Agriculture Organization of the United Nations (FAO) and the World Organisation for Animal Health (OIE) have recommended biosecurity strategies for poultry houses to reduce the risk of disease, in connection with mandatory controls for international trade (4, 5, 6 ).
In Brazil, the National Program for Poultry Health (PNSA) Acts have defined procedures for disease control, disease prevention and biosecurity with which the national poultry industry must comply (7, 8, 9, 10) .
The FAO and OIE have recently recommended that nets should be used around poultry houses to isolate the poultry (11). This recommendation was made in the interest of biosecurity and reflects concerns about the pandemic, highly pathogenic disease avian influenza. This disease has been especially prevalent in certain countries, such as Cambodia (12, 13), Kenya (14) , Indonesia (15), Vietnam (16, 17) and Egypt (18). International agencies have considered low-cost strategies to ensure biosecurity among smallvillage poultry farmers in developing countries (4, 19, 20) . Rev. sci. tech. Off. int. Epiz., 2013, 32 (3) 12112013-00014-EN 3/22 of their ability to exclude the bird species that are found in proximity to the industrial system of indoor chicken houses (Fig. 1) . The aim of this study was to assess a methodology for evaluating birds and for analysing data in the context of this problem. The study examined 23 species of native and invasive free-living wild species and determined their ability to pass through wire nets of various mesh sizes.
Insert Figure 1 
Materials and methods
The animal studies were in conformity with, and approved by, the Two experiments were set up; the first examined the captive birds and the second examined free-living birds that are observed around chicken houses.
Seven net sizes were tested (Table I) , including three below and three above the current standard, plus the mandatory 25.40 mm mesh net Rev. sci. tech. Off. int. Epiz., 2013, 32 (3) 12112013-00014-EN 4/22 (17). The nets were attached to the sides of the experimental cages (Figs. 2 and 3).
Insert Table I and Figures 2 and 3 Twenty-three bird species that are potentially capable of entering chicken houses were chosen for this study. The choice of the wild species for study was based on the following criteria: presence in the Brazilian fauna, habitual feeding on seeds, and synanthropy (association with humans). For the preliminary study, wild birds in captivity were used (CETAS-BH, IBAMA), and their status as freeliving species was verified on the experimental farm (Veterinary College Experimental Farm) during an official inventory of wild bird species that was performed for this purpose.
The male and female birds were evaluated by measuring six biometric dimensions chosen for the species studied and comparing the dimensions with information in the literature (22, 23) . Three types of passage through the net were evaluated. A captive manual passage (CMP) (Fig. 4) (24) were placed beside a chicken house (Fig. 7) .
Insert Figures 4 to 7
The CMP tests were initially conducted with the smallest mesh, and subsequently the mesh size was successively increased until the largest mesh had been tested. For the CVP tests, a cage containing seeds was placed inside the aviary as a single source of food (Fig. 8 ).
Photographic and video images were collected using Olympus SP-510 Rev. sci. tech. Off. int. Epiz., 2013, 32 (3) 12112013-00014-EN 5/22
UZ and Canon 40 D digital cameras with a 70-200 mm F/4 lens. To capture images of the exact moment of entry, the digital cameras were set up for remote control. The cameras were placed 3 m in front of the test cages. Images were collected to register the exact moment of passage through the mesh net, including the details of approach, perch and entry. To avoid interference, no people were present close to the experimental site (Fig. 9) . The wild birds in each test were counted by reviewing the movie.
Insert Figures 8 and 9
The statistical analyses were performed using Stata 10 software (http://www.stata.com). Analyses of variance were conducted for each bird species and mesh size (25, 26) . Birds of similar biotypes, which were defined by the success or lack of success in passing through the 25.35 mm mesh net, were grouped to form three archetypical categories. These categories were established in reference to the results of the three experimental paradigms used in the study (CMP, CVP, WVP). Based on the results, a criterion for the classification of species was defined according to the ability to pass through the wire nets in the three experimental setups. The classes were defined as high, medium and low importance.
Results
Analyses of variation were performed for the six biometric dimensions observed (Table II ) and indicated that the body weight and the chest diameter were the most important characteristics determining the capacity of a given bird to pass through the mesh of a given size.
Using the CVP test, the bird species and biometry were defined and evaluated with regard to the potential ability of that bird to pass through the net (Fig. 10 ). The CMP results (Table III) demonstrate which species had the ability to pass through the net, scoring 1 for yes or 0 for no. The birds that did not pass through the 25.35 mm net in the CMP test were also unable to pass through the net in the subsequent CVP and WVP tests (Tables IV and V) . The CMP test results were therefore a sensitive indicator of the voluntary and natural behaviour of birds that will not be able to pass. During the WVP test, . sci. tech. Off. int. Epiz., 2013, 32 (3) 12112013-00014-EN 6/22 10 out of the 23 local species selected for the study visited the test cages and attempted to pass through the nets. However, only five species succeeded in passing through the 25.35 mm net in all three of the tests: CMP (Table III) , CVP (Table IV) and WVP ( Table V) (Table VI) . The analysis of the biometric values revealed that the heaviest species also had the widest chest diameters (r = 0.844; p < 0.001).
Rev
Insert Table VI Rev. sci. tech. Off. int. Epiz., 2013, 32 (3) 12112013-00014-EN 7/22
In an analysis of the importance parameter, the chest diameter (Table VI) and body weight (Table VII) The grouping of the analytical results by species' importance enabled the categorisation of native bird species according to risk. This categorisation describes the ability of various bird species to pass through the mandated net in one or more of the three test paradigms.
The importance of segregating poultry is emphasised in several international publications (12, 14, 15, 16, 17, 18, 19, 20) . However, the only technical information available regarding the evaluation of wire net mesh sizes was the recommendation for a 20.00 mm mesh made by a Canadian consulting firm (5).
Conclusion
The research reported here found that none of the bird species tested could voluntarily pass through the 19.11 mm mesh. This finding justifies the recommendation that a 19.11 mm mesh should be used to Captive manual passage test of Paroaria dominicana Chest diameter is the body dimension that determines the biometric limits for successful passage through the net 
